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COMMUNICATION: IN TROUBLE
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COMMUNICATION SYSTEM .
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Signal is too weak:
S is too Low

Cannot handle the

information:
B is not enough

Noise is too loud:
N is too high



COMMUNICATION SYSTEM: LARGER CAPABILITY
C = Blog,(1 +%) -> Larger B, Higher S, Lower N
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Satellite

COMMUNICATION SYSTEM
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COMMUNICATION SYSTEM:

Now, we have communication systems with large capacity

However, maybe the channel capacity
is too large for a single user




COMMUNICATION SYSTEM: MULTIPLEXING

Thus, we can combine multiple users' data
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COMMUNICATION SYSTEM: MULTIPLEXING
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COMMUNICATION SYSTEM:
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COMMUNICATION SYSTEM
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SINGLE-CHIP PROCESSOR
RF Network

Fiber Network,

ChversTy  LIMeC



How TO MANIPULATE RF SIGNAL IN OPTICAL DOMAIN
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SINGLE-CHIP PROCESSOR

1.2 mm

Contains:
2 transfer printed tunable lasers, 15 optical in/outs, 3 RF in/outs,

52 thermal tuners, 8 PD monitors
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SINGLE-CHIP PROCESSOR
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SINGLE-CHIP PROCESSOR: ON-CHIP LASER
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SINGLE-CHIP PROCESSOR: ON-CHIP LASER

Optical Simultaneous transfer of multiple
- coupons using elastomer stamp
Amplifier
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SINGLE-CHIP PROCESSOR
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SINGLE-CHIP PROCESSOR: TUNABLE COUPLER
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SINGLE-CHIP PROCESSOR: TUNABLE COUPLER
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SINGLE-CHIP PROCESSOR: TUNABLE COUPLER
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Normalized Measured Results

Can be tunned from O to 1
(Extinction ~ 60dB)
when k is within (0.25, 0.75)
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SINGLE-CHIP PROCESSOR
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SINGLE-CHIP PROCESSOR: RECONFIGURABLE MODULATOR
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SINGLE-CHIP PROCESSOR: RECONFIGURABLE MODULATOR

Modulator Block Input Output
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RECONFIGURABLE MODULATOR: PURE PHASE MODULATION
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RECONFIGURABLE MODULATOR: PURE PHASE MODULATION

Modulator Block Input Output
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RECONFIGURABLE MODULATOR: PURE PHASE MODULATION
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RECONFIGURABLE MODULATOR: SIGNAL PROCESSING

For signal processing, this modulator design offers
a (phase and intensity) tunable carrier.
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SINGLE-CHIP PROCESSOR
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SINGLE-CHIP PROCESSOR: TUNABLE RLMZI
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SINGLE-CHIP PROCESSOR: TUNABLE RLMZI
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SINGLE-CHIP PROCESSOR: TUNABLE RLMZI

around the center of the polynomial, i.e., the coefficient of z*
is the same as the coefficient of zP~%. An example is:

Filter Block 34~ 24627~ 1 43
Such f(z) polynomials are called mirror-image (MI) polyno- coetticient of 7. An example 1s
mials. o 42% - 520 4 1427 — 1427 + 52 — 4.
Such fi (2) polynomials are called anti-mirror-image (AMI)
— po!ynomia]s. As an odd polynomial f(s) must be an even
_-- T — LICT 5-¥YAllAdUIT Ladl Lall uUc l\.rlJlLI.I'JI.DDU LUl Lliv LT vallauvly vddw dd
) ( Theorem 2: The necessary and sufficient condition for a
transfer function in 2 to be realizable as the sum (difference)

of two allpass functions is that the Characteristic function
associated with the transfer function be a rational function
of z formed as the quotient of an AMI (MI) polynomial, by

Optlmum bandpass filters an MI (AMI) polynomial, both of the same degree.

can be realized as the sum or
difference of two all-pass

. ” A. N. Willson and H. J. Orchard, "Insights into digital
functions J )

filters made as the sum of two allpass functions,"
in IEEE Transactions on Circuits and Systems I:

g\)pst.ical IIZE)ter Des_ign znd AnaLysis: Fundamental Theory and Applications, vol. 42, no. 3,
'ghal Frocessing Approac pp. 129-137, March 1995,
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SINGLE-CHIP PROCESSOR: TUNABLE RLMZI
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SINGLE-CHIP PROCESSOR
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER

This modulator design offers a (phase and
intensity) tunable carrier.
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER

For a broadband RF signal
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER

If we add optical ring resonators in the link

Modulator Block
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER

If we add optical ring resonators in the link
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SINGLE-CHIP PROCESSOR: MICROWAVE SIGNAL FILTER

If we add more optical ring resonators in the link
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RF RF
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T RF Mzl It is also a sum or diff of two all pass filters
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER

The full output signal:
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER
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SINGLE-CHIP PROCESSOR: MICROWAVE PHOTONIC FILTER
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SINGLE-CHIP PROCESSOR: OPTO-ELECTRONIC OSCILLATOR
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SINGLE-CHIP PROCESSOR: OPTO-ELECTRONIC OSCILLATOR
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SINGLE-CHIP PROCESSOR: RF FREQUENCY DOUBLING

Modulator Block Intensity Modulation Frequency Doubling
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SINGLE-CHIP PROCESSOR: RF FREQUENCY MEASUREMENT / OPTICAL WAVELENGTH METER
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CONCLUSION

» Afully on-chip signal processor

E = A cos(wt + ¢) Optical Network m

Signal Generation Lasing on-chip Tunable OEO
Frequency Doubling

Signal loading Reconfigurable Frequency Doubling
Modulation RF mixing

Signal Filtering (Complex) Reconfigurable 4 Ring- Reconfigurable RF
loaded MZI photonic filters

Signal Detection Wavelength meter Frequency measurement
Monitors and RF PD RF mixing
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COMMUNICATION SYSTEM
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COMMUNICATION SYSTEM
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FUTURE WORK

RF gain is too low

« Transimpedance amplifier (TIA) is needed
- Enhance on-chip PDs

* SOA booster
- Get higher laser power

« Better modulator design

- Enhance modulation efficiency
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